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1
LIGHT-EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 20135-178373,
filed Sep. 10, 2015, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a light-
emitting device.

BACKGROUND

Back-side emission-type light emitting diodes are known.
In such a device, an anode electrode or a cathode electrode
are provided on the surface of a substrate that 1s capable of
transmitting light, and the other of the anode electrode or the
cathode electrode 1s provided on a surface of the light
emitting layer stack.

In the back-side emission-type light emitting diode, a
substrate generally serves as a current path. For this reason,
the carrier concentration of the substrate may have influence
on electrical characteristics of the device. In order to sup-
press this possible influence, a method of forming a con-
ductive layer (to serve as a current path) on the surface of the
substrate 1s adopted. However, light emitted from the rear
surface of the substrate 1n such a device includes light rays
having different emission areas along the substrate. One of
the light ray emission area emits primarily direct light
emitted from the lower side of the light emitting layer. The
other light ray emission area emits indirect light reflected
from the lower side of an electrode disposed on the sub-
strate. This indirect light may be retlected by the rear surface
of the substrate and 1s then further reflected by the electrode
provided on the substrate. The indirect light also includes
another indirect light which 1s imitially emitted upward from
the light emitting layer, then reflected downwardly by an
clectrode on the light emitting layer. This indirect reflected
passes through the light emitting layer and 1s emitted from
the lower side of the light emitting layer.

When a conductive layer 1s formed on the substrate, a
portion of emitted light 1s absorbed 1nto the conductive layer,
especially indirect light which would be retlected at the rear

surface of the substrate toward the electrode provided on the
substrate. For this reason, the amount of emitted indirect
light 1s greatly decreased, as compared to the amount of
direct light. As a result, there may be a problem 1n that a
large amount of light 1s unevenly distributed on the lower
side of the light emitting layer, and a small amount of light
1s unevenly distributed on the lower side of the electrode
provided on the substrate.

DESCRIPTION OF THE DRAWINGS

FIG. 1A 15 a plan view 1illustrating a schematic configu-
ration of a light-emitting device according to a first embodi-
ment.

FIG. 1B 1s a cross-sectional view taken along line A-A
illustrated in FIG. 1A.

FIG. 2 1s a graph illustrating a relationship between a
carrier concentration of a substrate and electrical character-
istics of a light-emitting device.
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FIG. 3 1s a cross-sectional view 1illustrating a schematic
configuration of a light-emitting device according to a
modification example of the first embodiment.

FIG. 4A 1s a cross-sectional view 1illustrating a schematic
configuration of a light-emitting device according to a
second embodiment.

FIG. 4B 1s an enlarged view of a region R1 1illustrated in
FIG. 4A.

FIG. 5 1s a cross-sectional view 1llustrating a state before
a recess 1s Tormed 1n an outer peripheral surface of an active
layer.

FIG. 6 1s a cross-sectional view illustrating a state after
the recess 1s formed in the outer peripheral surface of the
active layer.

FIG. 7A 1s a cross-sectional view 1illustrating a schematic
configuration of a light-emitting device according to a
modification example of the second embodiment.

FIG. 7B 1s an enlarged view of a region R2 1illustrated in
FIG. 7A.

FIG. 8 1s a cross-sectional view illustrating a schematic
configuration of a light-emitting device according to another
modification example of the second embodiment.

FIG. 9A 1s a plan view illustrating a schematic configu-
ration of a light-emitting device according to a third embodi-

ment.

FIG. 9B 1s a cross-sectional view taken along line A-A
illustrated 1in FIG. 9A.

FIG. 10 1s a cross-sectional view illustrating a schematic
configuration of a light-emitting device according to a
modification example of the third embodiment.

FIG. 11 1s a cross-sectional view illustrating a schematic
configuration of a light-emitting device according to another
modification example of the third embodiment.

FIG. 12 15 a cross-sectional view illustrating a schematic
configuration of a light-emitting device according to still
another modification example of the third embodiment.

DETAILED DESCRIPTION

An example embodiment provides a light-emitting device
having a more even distribution of emaitted light.

In general, according to one embodiment, a light-emitting,
device includes a transparent substrate having a first surface,
a conductive layer including a first conductive portion on the
first surface and a second conductive portion on the first
surface and adjacent to the first conductive portion, the
second conductive portion having a thickness from the first
surface that 1s less than a thickness of the first conductive
portion from the first surface, a light emitting layer on the
first conductive portion, a first electrode on the second
conductive portion, and a second electrode on the light
emitting layer.

Hereinafter, rear emission-type light emitting diodes
according to various embodiments will be described with
reference to the accompanying drawings. The scope of the
present disclosure 1s not limited to these exemplary embodi-
ments.

(First Embodiment)

FIG. 1A 1s a plan view illustrating a schematic configu-
ration of a light-emitting device according to a first embodi-
ment, and FIG. 1B 1s a cross-sectional view taken along line
A-A 1llustrated i FIG. 1A. As illustrated in FIGS. 1A and
1B, a light-emitting device 1 according to the first embodi-
ment includes a substrate 10, a conductive layer 20, a light
emitting layer 13, a first electrode 14, a current diffusion
layer 15, and a second electrode 16.
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The substrate 10 comprises a substrate material, such as
a gallium phosphide (GaP), which 1s capable of transmitting
light. The substrate 10 includes a first surface 10aq and a
second surface 106 that faces the first surface 10a. A
conductive layer 20 1s provided on the first surface 10a. The
second surface 105 1s a light emission surface for the
light-emitting device 1. Here, due to the inclusion of con-
ductive layer 20, the substrate 10 1s not limited to a con-
ductive substrate material, and may be an insulating sub-
strate, such as a sapphire substrate, on which conductive
layer 20 1s disposed.

The conductive layer 20 includes a first conductive por-
tion 11 and a second conductive portion 12. The first
conductive portion 11 and the second conductive portion 12,
which are epitaxial growth layers, are provided on the
substrate 10 so as to be adjacent to each other. In addition,
as 1llustrated in FIG. 1B, a thickness t2 of the second
conductive portion 12 1s smaller than a thickness t1 of the
first conductive portion 11. In the first embodiment, the first
conductive portion 11 and the second conductive portion 12
are configured as separate, distinct bodies, but the first
conductive portion 11 and the second conductive portion 12
may also be integrally formed (connected). In addition, the
conductive layer 20 may be a conductive semiconductor
layer, such as indium tin oxide (ITO), or a thuin metal film,
or may be a combination thereof.

The light emitting layer 13 1s provided on the first
conductive portion 11. In the first embodiment, the light
emitting layer 13 includes a P-type or N-type first clad layer
13a, an active layer 136, and an N-type or P-type second
clad layer 13c¢. The first clad layer 13a 1s provided on the
first conductive portion 11. The active layer 135 1s provided
on the first clad layer 13a. The second clad layer 13c¢ 1s
provided on the active layer 13b. In other words, the active
layer 135 1s interposed between the first clad layer 134 and
the second clad layer 13c.

The first clad layer 13a and the second clad layer 13¢ are
tformed of a material having a band gap wider than that of the
active layer 13b, for example, aluminum gallium indium
phosphide (InGaAlP) or galllum aluminum arsenide
(GaAlAs).

The active layer 136 1s a semiconductor layer such as
indium galllum arsenide (InGaAs), GaAlAs, or gallium
arsenide (GaAs). When holes or electrons are injected into
the active layer 1356 from the first clad layer 13a and
clectrons or holes are 1njected 1nto the active layer 135 from
the second clad layer 13c¢ as carriers, the active layer 135
emits, for example, infrared light. However, the light of the
light emitting layer 13 1s not limited to infrared light, and
may be light in another wavelength range.

The first electrode 14 1s provided on the second conduc-
tive portion 12. In the first embodiment, the first electrode 14
1s an anode electrode.

The current diffusion layer 15 1s provided on the light
emitting layer 13. The current diffusion layer 15 1s formed
of, for example, InAlGaP or AlGaAs. A current 1s more
uniformly supplied to the entire light emitting layer 13 by
incorporation of the current diffusion layer 15.

In addition, a thin contact layer (not specifically shown)
formed of GaAs or the like or a material (AlGaAs, GaP, or
the like) can be included between the current diffusion layer
15 and the second electrode 16 1n order to achieve satisiac-
tory ohmic contact between these elements.

The second electrode 16 1s provided on the current
diffusion layer 15. In the first embodiment, the second
electrode 16 1s a cathode electrode. However, when the
polarities (P-type and N-type) of the conductive layers 20
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are opposite to each other, the first electrode 14 1s equivalent
to a cathode electrode, and the second electrode 16 1s
equivalent to an anode electrode.

In some embodiments, the second electrode 16 may be
provided on the upper surface of the light emitting layer 13
without the iterposition of current diffusion layer 15. In
other words, 1 this disclosure, the wording *“a second
clectrode 16 provided on the light emitting layer 13~
includes both a configuration 1n which the second electrode
16 1s indirectly provided on the light emitting layer 13 via
the current diffusion layer 15 and a configuration 1n which
the second electrode 15 1s directly provided on the light
emitting layer 13 (without a current diffusion layer 15).

In addition, when the light-emitting device 1 1s used, for
example, 1n a photocoupler together with a light-receiving
clement, a bonding wire (not shown) may be bonded to each
of the first electrode 14 and the second electrode 16. In
addition, the light-emitting device 1 1s typically covered,
encapsulated with a resin material (not shown).

In the light-emitting device 1 configured as described
above, when a current flows between the first electrode 14
and the second electrode 16, the light emitting layer 13 emuts
light. A first light P1 and a second light P2 are emitted from
the second surface 105. The first light P1 1s substantially
direct light emitted downwardly from the lower side of the
light emitting layer 13. The second light P2 1s indirect light
which 1s first internally reflected at the second surface 105,
and then further reflected by the underside surface of the first
clectrode 14, and subsequently emitted through a portion of
the substrate 10 below the first electrode 14.

According to the above-described first embodiment, the
second conductive portion 12 1s provided on the substrate
10. Here, eflects obtained by the second conductive portion
12 will be described with reference to FIG. 2.

FIG. 2 1s a graph 1illustrating a relationship between a
carrier concentration of a substrate and electrical character-
istics of a light-emitting device. In FIG. 2, a horizontal axis
represents a carrier concentration of the substrate 10. A
vertical axis represents a forward voltage VF (arbitrary
units) which 1s one of electrical characteristics of the light-
emitting device 1. In addition, a relatively straight line L1
indicates a characteristic of the light-emitting device 1
according to the first embodiment. A dotted line L2 indicates
a characteristic of a light-emitting device according to a
comparative example lacking a second conductive portion
12, but otherwise similar to light-emitting device 1.

As noted, the light-emitting device according to the
comparative example 1s not provided with the second con-
ductive portion 12. In other words, in the light-emitting
device according to the comparative example, the {irst
electrode 14 comes 1nto direct contact with the substrate 10,
and thus the substrate 10 must serve as a current path. For
this reason, as indicated by the dotted line L2 of FIG. 2, in
the light-emitting device, the forward voltage VF tends to be
more strongly ifluenced by the carrier concentration of the
substrate 10.

On the other hand, according to the light-emitting device
1 according to the first embodiment, the second conductive
portion 12 1s provided on the substrate 10, and the first
clectrode 14 1s provided on the second conductive portion 12
rather than directly on the substrate 10. Thereby, the second
conductive portion 12 and the first conductive portion 11
serve as current paths. For this reason, as indicated by the
relatively straight line L1 of FIG. 2, in the light-emitting
device 1 according to the first embodiment, the forward
voltage VF 1s not likely to be significantly influenced by the
carrier concentration variations in the substrate 10. In the
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first embodiment, 1t 1s generally preferable that a difference
in carrier concentrations of the substrate 10 and the conduc-
tive layer 20 be provided and that the carrier concentration
of the conductive layer 20 be higher than that of the substrate
10. In addition, 1t 1s also preferable that a high-concentration
region 1s located on the substrate side of the conductive layer
20. Furthermore, the carrier concentration of this high-
concentration region 1s preferably equal to or higher than

1E18/cm”, and more preferably, equal to or higher than

3E18/cm’.

Further, as illustrated in FIG. 1B, according to the first
embodiment, the thickness t2 of the second conductive
portion 12 1s smaller than the thickness t1 of the first
conductive portion 11. For this reason, the light absorptivity
of the second conductive portion 12 becomes lower than the
light absorptivity of the first conductive portion 11. Thereby,
when light internally reflected by the second surface 105 1s
turther retlected by the first electrode 14, the amount of light
absorbed 1s decreased as compared to the first conductive
portion 11. As a result, a difference between the amount of
first light P and the amount of second light P2 is reduced. In
other words, a difference between the amount of light
emitted to the lower side of the light emitting layer 13 and
the amount of light emitted to the lower side of the first
clectrode 14 1s reduced. Accordingly, 1t 1s possible to sup-
press the uneven distribution of the amount of light.

When the light-emitting device 1 according to the present
embodiment 1s used in a photocoupler, the bottom face of the
substrate 10 1s bonded to a light-receiving element using a
mounting material (not specifically depicted). In this case, to
suppress the uneven distribution of the amounts of first light
P1 and second light P2, 1t 1s preferable that a diflerence 1n
refractive index between the substrate 10 and the mounting,
material 1s large, 1n other words, the substrate 10 and the
mounting material having a high reflectivity (large total
reflection angle) are combined with each other. Specifically,
it 1s preferable to use a mounting material having a difler-
ence 1n refractive index of equal to or higher than 0.5 with
respect to a substrate (e.g., GaP or the like) having a
refractive index of equal to or higher than 3 or the substrate
10 which 1s formed of a material, such as ZnO, having a
refractive index of equal to or higher than 2. A mounting

material (e.g., an adhesive) having a low refractive index
includes epoxy resins, silicone resins, or the like.

Modification Example 1

Hereinafter, a modification example of the first embodi-
ment will be described with reference to FIG. 3. FIG. 3 1s a
cross-sectional view illustrating a schematic configuration
of a light-emitting device according to a modification
example of the first embodiment.

As 1llustrated m FIG. 3, in a light-emitting device 1q, a
second surface 105 of a substrate 10 has a textured structure
which results from being subjected to unevenness process-
ing. For this reason, 1t 1s possible to diffuse/scatter light
emitted from the second surface 105 over a wider range.

Meanwhile, 1n the present modification example, the
surface roughness of a region 1061 may be greater than the
surface roughness of a region 1062 1n the second surface
1056. Here, the region 1051 1s a region corresponding to the
first conductive portion 11, and the region 1052 1s a region
corresponding to the second conductive portion 12. In this
context, the surface roughness of each region can be speci-
fied by, for example, an average value of differences 1n the
height of 1rregularities per unit area.
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Also 1n the lhight-emitting device 1a, first light P1 and
second light P2 are emitted from the second surface 106 of
the substrate 10. However, the second light P2 1s reflected by
the second surface 106 and a first electrode 14. For this
reason, the optical loss of the second light P2 1s larger than
the optical loss of the first light P1.

Consequently, when the surface roughness of the region
1051 15 larger than the surface roughness of the region 10562,
the amount of light reflected by the second surface 105 1s
increased. As a result, the amount of second light P2 1is
increased. Thereby, a difference between the amount of first
light P1 and the amount of second light P2 i1s further
reduced, and thus more uniform light can emit from the
second surface 105 of the substrate 10.

(Second Embodiment)

FIG. 4A 1s a cross-sectional view 1illustrating a schematic
configuration of a light-emitting device according to a
second embodiment, and FIG. 4B 1s an enlarged view of a
region R1 illustrated in FIG. 4A. Heremnafter, the same
components as those in the above-described first embodi-
ment will be denoted by the same reference numerals and
signs, and a detailed description thereof will be omitted here.

As 1llustrated in FIGS. 4A and 4B, a light-emitting device
2 according to the second embodiment 1s different from the
light-emitting device 1 according to the first embodiment 1n
that the outer peripheral surface of an active layer 135 1s
recessed mwardly with respect to the outer peripheral sur-
face of a first clad layer 13a and the outer peripheral surface
of a second clad layer 13c. Hereinafter, a process of forming
a recess 1n the outer peripheral surface of the active layer
1356 will be briefly described with reference to FIGS. 5 and
6.

FIG. 5 1s a cross-sectional view 1llustrating a state before
a recess 15 formed in the outer peripheral surface of the
active layer 13b. In addition, FIG. 6 1s a cross-sectional view
illustrating a state after the recess 1s formed in the outer
peripheral surface of the active layer 135. As illustrated in
FIG. 3, the upper surface of the second clad layer 13c¢ 1s
covered with an undoped oxide (UDQO) 30 formed of an
oxide material with no impurities added thereto. In this state,
reactive 10n etching (RIE) 1s performed, and the UDO 30 1s
removed. At this time, an etching rate of the active layer 135
1s different from etching rates of the first clad layer 13a and
the second clad layer 13¢. As a result, as illustrated in FIG.
6, a recess 1s formed 1n the outer peripheral surface of the
active layer 135. Thereatter, when the UDO 30 1s removed
and a portion of the conductive layer 20 and a portion of the
light emitting layer 13 are removed in order to make a
contact, it 1s also possible to adjust the amount of etching, an
ctch time, and the composition of respective materials (e.g.,
the clad material having a composition of Al that 1s greater
than that of a contact layer material, or an active layer
material 1s selected) so that a recess can be formed not only
in the outer peripheral surface of the active layer 135 but
also 1n the outer peripheral surface of the first clad layer 13a
and the outer peripheral surface of the second clad layer 13c.

After a recess 1s formed 1n the outer peripheral surface of
the active layer 135, the first electrode 14 1s formed on a
second conductive portion 12. Thereafter, the second elec-
trode 16 1s formed on the upper surface of the second clad
layer 13¢ from which the UDO 30 1s removed.

According to the second embodiment, similarly as 1n the
first embodiment, a thickness t2 of the second conductive
portion 12 1s smaller than a thickness t1 of a first conductive
portion 11. For this reason, when light first retlected by the
second surface 1056 1s further reflected by the first electrode
14, the amount of light absorbed 1s decreased. As a result, a
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difference between the amount of first light P and the amount
of second light P2 is reduced, and thus 1t 1s possible to
suppress the uneven distribution of the amount of light
emitted from the substrate 10.

Further, in the second embodiment, the outer peripheral
surface of the active layer 135 covered with a resin member
17 1s recessed inwardly with respect to the outer peripheral
surface of the first clad layer 134 and the outer peripheral
surface of the second clad layer 13c¢. For this reason,
adhesion between the resin member 17 and the light emitting
layer 13 1s enhanced by an anchor effect 1n which the resin
member 17 enters the recess. Accordingly, 1t 1s possible to
improve the reliability of the light-emitting device 2.

Modification Example 2

Hereinafter, a modification example of the second
embodiment will be described with reference to FI1G. 7. FIG.
7A 1s a cross-sectional view illustrating a schematic con-
figuration of a light-emitting device according to a modifi-
cation example of the second embodiment, and FIG. 7B 1s
an enlarged view of a region R2 illustrated i FIG. 7A.

As 1llustrated 1n FIGS. 7A and 7B, 1n a light-emitting
device 2a according to the present modification example, the
outer peripheral surface of a first clad layer 13a 1s recessed
inwardly with respect to the outer peripheral surface of a first
conductive portion 11, and the outer peripheral surface of a
second clad layer 13c¢ 1s recessed mwardly with respect to
the outer peripheral surface of a current diffusion layer 15.
Heremalter, a process ol recessing the outer peripheral
surface of the first clad layer 13a and the outer peripheral
surface of the second clad layer 13¢ will be briefly
described.

Also 1n the present modification example, similarly as
with the unmodified second embodiment, RIE 1s performed
in a state where the upper surface of the second clad layer
13¢ 1s covered with a UDO 30. Thereatfter, when the UDO
30 1s removed and a portion of a conductive layer 20 and a
portion of a light emitting layer 13 are removed 1n order to
make a contact, 1t 1s also possible to adjust the amount of
ctching, an etch time, and the respective material composi-
tions so that a recess can be formed not only in the outer
peripheral surface of the active layer 136 but also 1n the
outer peripheral surface of the first clad layer 13aq and the
outer peripheral surface of the second clad layer 13c.

According to the present modification example, since the
number of irregularities (surface roughness) increases 1n the
outer peripheral surface of the light emitting layer 13,
adhesion between the resin member 17 and the light emitting
layer 13 1s enhanced. Accordingly, it 1s possible to further
improve the rehability of the light-emitting device 2.

In addition, as illustrated 1n FIGS. 4B and 7B, a recess 1s
formed 1n the active layer 135, the first clad layer 13a, and
the second clad layer 13c¢ so that the respective outer
peripheral portions thereol are located further outside than
the outer peripheral portion of the second electrode 16. In
other words, when seen 1n the cross section 1illustrated in
FIG. 4B or FIGS. 7A and 7B, the width of the light emitting
layer 13 1s wider than the Wldth of the second electrode 16.
Thereby, a process 1n which an electrode 1s formed using
lift-off method 1s easier to perform, and a yield of devices 1s
improved.

Modification Example 3

Hereinafter, another modification example of the second
embodiment will be described with reference to FIG. 8. FIG.
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8 1s a cross-sectional view 1illustrating a schematic configu-
ration of a light-emitting device according to another modi-
fication example of the second embodiment.

As 1illustrated 1n FIG. 8, in a light-emitting device 2b
according to the present modification example, a second
surface 105 of a substrate 10 has a textured structure after
second surface 106 has been subjected to unevenness pro-
cessing (e.g., surface roughening process), similar to the
light-emitting device 1a illustrated in FIG. 3. Therefore,
according to the present modification example, it 1s possible
to diffuse light emitted from the second surface 105 over a
wider range in addition to improving the reliability of the
light-emitting device 2.

(Third Embodiment)

FIG. 9A 1s a plan view illustrating a schematic configu-
ration of a light-emitting device according to a third embodi-
ment, and FIG. 9B 1s a cross-sectional view taken along line
A-A 1llustrated 1n FIG. 9A. Heremafter, the same compo-
nents as those of the first embodiment will be denoted by the
same reference numerals and signs, and a detailed descrip-
tion thereotf will be omitted here.

As 1llustrated i FIG. 9A, a hght -emitting device 3
according to the third embodiment i1s different from the
light-emitting device 1 according to the first embodiment 1n
that the planar area of a second electrode 16 1s equal to the
planar area of a light emitting layer 13.

As 1llustrated 1n FIG. 9B, light of the light emitting layer
13 includes not only light emitted to the lower side of the
light emitting layer 13 (like first light P1 and second light
P2), but also light emitted to the upper side of the light
emitting layer 13 (like third light P3) For example, when the
light-emitting device 3 i1s used in a photocoupler together
with a light-rece1ving element, the light-receiving element 1s
arranged to face a second surface 105 so as to receive the
first light P1 (and the second light P2). For this reason, the
third hght P3, which 1s directed away from the light-
receiving elemen‘[ 1s not directly useable 1n the photocou-
pler. Consequently, 1n the third embodiment, the planar area
of the second electrode 16 1s made equal to the planar area
of the light emitting layer 13, and thus major portion of the
third light P3 1s emitted from the second surface 106 as
fourth light P4 after being reflected by the second electrode
16.

According to the third embodiment, 1n a similar manner
to the first embodiment, a thickness t2 of a second conduc-
tive portion 12 1s smaller than a thickness t1 of a first
conductive portion 11. For this reason, when light reflected
by the second surface 105 1s further retlected by the first
clectrode 14, the amount of light absorbed 1s decreased. As
a result, a difference between the amount of first light P1 and
the amount of second light P2 i1s reduced, and thus it 1s
possible to suppress the uneven distribution of the amount of
light emitted from the substrate 10.

In particular, in the third embodiment, the planar area of
the second electrode 16 1s equal to the planar area of the light
emitting layer 13. For this reason, 1t 1s possible to block the
third light P3 which would otherwise be emitted away from
the substrate 10 after being emitted from the upper side of
the light emitting layer 13. The majority of the third light P3
1s emitted from the second surface 105 as the fourth light P4
upon being reflected by the second electrode 16, and thus the
amount of total light emitted from the second surface 105 1s
increased. Accordingly, the utilization efliciency of light 1s
improved. Further, when the second electrode 16 1s formed
of a metal member, such as gold, which has high thermal
conductivity, there 1s a tendency for the heat generated by
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the light emitting layer 13 to conducted into the second
clectrode and then be radiated or otherwise dispersed.

In the third embodiment, from the viewpoint of the
blocking the third light P3, 1t 1s preferable that the planar
area of the second electrode 16 1s the same as the planar area
of the light emitting layer 13, in other words, 1s 100% of the
planar area of the light emitting layer 13. However, as the
planar area of the second electrode 16 approximates 100%
of the planar area of the light emitting layer 13, 1t might be
assumed that the manufacturing vield of the second elec-
trode 16 will be reduced. However, as the planar area of the
second electrode 16 recedes from 100% of the planar area of
the light emitting layer 13, it 1s assumed that a blocking
ellect 1s reduced. Therelore, it 1s typically preferable that the
planar area of the second electrode 16 be 1n a range of from
80% to 90% of the planar area of the light emitting layer 13.
It 1s even more preferable that the planar area of the second
clectrode 16 15 approximately 835% of the planar area of the
light emitting layer 13.

Modification Example 4

Hereinafter, a modification example of the third embodi-
ment will be described with reference to FIG. 10. FIG. 10 1s

a cross-sectional view 1llustrating a schematic configuration
of a light-emitting device according to a modification

example of the third embodiment.

As 1llustrated i FIG. 10, a light-emitting device 3a
according to the present modification example ncludes a
current diffusion layer 15a instead of the current diffusion
layer 15. Simularly to the current diffusion layer 15, the
current diffusion layer 15a 1s formed of InAlGaP matenal or
the like, and has a thickness less than the thickness of a
conductive layer 11. In the present example, the thickness of

the current diffusion layer 154 1s approximately one fourth
of the thickness of the conductive layer 11.

In the light-emitting device 3 according to the third
embodiment, the planar area of a second electrode 16 1s
equal to the planar area of a light emitting layer 13. For this
reason, the diffusion of current within the light emitting
layer 13 1s improved, and thus the necessity of a thick
current diffusion layer 135 1s decreased.

Consequently, in the present modification example, the
current diffusion layer 15a, which 1s thinner than the current
diffusion layer 15, 1s used. Thereby, 1t 1s possible to make the
device thinner 1n addition to improving optical characteris-
tics and heat radiation characteristics.

Modification Example 5

Hereinafter, another modification example of the third
embodiment will be described with reference to FIG. 11.
FIG. 11 1s a cross-sectional view illustrating a schematic
configuration of a light-emitting device according to another
modification example of the third embodiment.

As 1illustrated 1n FIG. 11, 1n a light-emitting device 35
according to the present modification example, similar to the
light-emitting device 1la illustrated in FIG. 3, a second
surtace 106 of a substrate 10 has a textured structure after
being subjected to unevenness processing. Therelore,
according to the present modification example, it 1s possible
to diffuse light emitted from the second surface 105 over a
wider range 1n addition to improving optical characteristics
and heat radiation characteristics.

Modification Example 6

Hereinafter, still another modification example of the
third embodiment will be described with reference to FIG.
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12. FIG. 12 1s a cross-sectional view 1llustrating a schematic
configuration of a light-emitting device according to still
another modification example of the third embodiment.

As 1llustrated mn FIG. 12, 1n a light-emitting device 3¢
according to the present modification example, similar to the
light-emitting device 2 1illustrated in FIG. 4, the outer
peripheral surface of an active layer 136 1s recessed
inwardly with respect to the outer peripheral surface of a first
clad layer 13a and the outer peripheral surface of a second
clad layer 13c. Thereby, adhesion between a resin member
17 and a light emitting layer 13 i1s enhanced. As described
above, the recess 1s formed by adjusting the amount of
ctching, an etch time, and/or the respective material com-
positions (for example, an active layer having a composition
of Al larger than that of a contact layer 1s selected).

Therefore, according to the present modification example,
it 1s possible to improve the reliability of the light-emitting
device 2 1n addition to improving optical characteristics and
heat radiation characteristics.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A light-emitting device, comprising:

a transparent substrate having a first surface;

a conductive layer including a first conductive portion on
the first surface and a second conductive portion on the
first surface, the second conductive portion being adja-
cent to the first conductive portion 1n a first direction
along the first surface, the second conductive portion
having a thickness in a second direction from the first
surface that 1s less than a thickness in the second
direction from the first surface of the first conductive
portion;

a light emitting layer on the first conductive portion, the
light emitting layer including a first clad layer on the
first conductive portion, an active layer on the first clad
layer, and a second clad layer on the active layer;

a first electrode on the second conductive portion; and

a second electrode on the light emitting layer, wherein

an outer peripheral surface of the first clad layer and an
outer peripheral surface of the second clad layer are
cach disposed beyond an outer peripheral surface of the
active layer in the first direction.

2. The light-emitting device according to claim 1, further

comprising:

a current diffusion layer between the second clad layer
and the second electrode, wherein

the outer peripheral surface of the first clad layer 1s not
aligned with an outer peripheral surface of the first
conductive portion in the second direction, the outer
peripheral surface of the first conductive portion
extending outwardly beyond the outer peripheral sur-
face of the first clad layer, and

the outer peripheral surface of the second clad layer 1s not
aligned with an outer peripheral surface of the current
diffusion layer, the outer peripheral surface of the
current diffusion layer extending outwardly beyond the
outer peripheral surface of the second clad layer.
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3. The light-emitting device according to claim 2, wherein

the first surface 1s directly contacting the first conductive
portion and the second conductive portion, and

a second surface of the transparent substrate on an oppo-
site side of the transparent substrate from the first
surface 1s 1rregular.

4. The light-emitting device according to claim 3, wherein
surface roughness of a first region of the second surface 1s
greater than surface roughness of a second region of the
second surface, the first region corresponding 1n position
along the first direction with the first conductive portion, and
the second region corresponding in position along the first
direction with the second conductive portion.

5. The light-emitting device according to claim 1, wherein
a total planar area of the second electrode 1s 80 to 90% of a
total planar area of the active layer.

6. The light-emitting device according to claim 1, wherein

the first surface 1s directly contacting the first conductive
portion and the second conductive portion, and

a second surface of the transparent substrate on an oppo-
site side of the transparent substrate from the first
surface 1s 1rregular.

7. The light-emitting device according to claim 1, wherein

a total planar area of the second electrode 1s 80 to 90% of a
total planar area of the light emitting layer.

8. The light-emitting device according to claim 1, wherein
the first and second conductive portions are of a same
material.

9. A light-emitting device, comprising;

a {irst conductive portion on a first surface of a transparent
substrate and having a first total thickness along a first
direction;

a second conductive portion on the first surface adjacent
to the first conductive portion 1 a second direction
crossing the first direction and having a second total
thickness along the first direction that 1s less than the
first total thickness:

a first electrode on the second conductive portion, the
second conductive portion being between the first elec-
trode and the transparent substrate 1n the first direction;

a light-emitting layer on the first conductive portion, the
first conductive portion being between the light-emit-
ting layer and the transparent substrate in the first
direction; and

a second electrode on the light-emitting layer, the light-
emitting layer between the second electrode and the
first conductive portion 1n the first direction, wherein

the light-emitting layer comprises an active layer between
a first clad layer and a second clad layer, and

an outer peripheral surface of the active layer 1s inwardly
recessed 1n the second direction from an outer periph-
eral surface of the first clad layer and an outer periph-
eral surface of the second clad layer.

10. The light-emitting device according to claim 9, further
comprising a current diffusion layer on the light-emitting
layer between the second electrode and the light emitting
layer 1n the first direction.

11. The light-emitting device according to claim 9, further
comprising a resin material provided on the first surface to
cover the first electrode, the second electrode, the light-
emitting layer, the first conductive portion, and the second
conductive portion, wherein the resin material fills a recess
formed 1n an outer peripheral surface of the light emitting
layer.
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12. The light-emitting device according to claim 9,
wherein a total planar area of the second electrode 1s 80 to
90% of a total planar area of the light-emitting layer.

13. The light-emitting device according to claim 9,
wherein a second surface of the transparent substrate oppo-
site the first surface 1s roughened so as to reduce internal
reflections.

14. The light-emitting device according to claim 13,
wherein a first region of the second surface has a diflerent
surface roughness from a second region of the second
surface the first region corresponding in position along the
second direction with the first conductive portion, and the
second region corresponding in position along the second
direction with the second conductive portion.

15. A hight-emitting device, comprising;:

a first conductive portion on a first surface of a transparent
substrate and having a first total thickness along a first
direction, the transparent substrate being substantially
transparent to light of a first wavelength;

a second conductive portion on the first surface adjacent
to the first conductive portion 1 a second direction
crossing the first direction and having a second total
thickness along the first direction that 1s less than the
first total thickness, the second conductive portion
being substantially transparent to light at the first
wavelength;

a first electrode on the second conductive portion, the
second conductive portion between the first electrode
and the transparent substrate 1n first direction;

a light-emitting layer on the first conductive portion, the
first conductive portion being between the light-emit-
ting layer and the transparent substrate in the first
direction, the light-emitting layer emitting light at the
first wavelength;

a second electrode on the light-emitting layer, the light-
emitting layer being between the second electrode and
the first conductive portion 1n the first direction, the
second electrode comprising a metal; and

a resin material covering exposed upper surfaces of the
first conductive portion, the second conductive portion,
the first electrode, the second electrode, and the light-
emitting layer, wherein

the light emitting layer includes a first clad layer on the
first conductive portion, an active layer on the first clad
layer, and a second clad layer on the active layer, and

an outer peripheral surface of the first clad layer and an
outer peripheral surface of the second clad layer are
cach disposed beyond an outer peripheral surface of the
active layer in the second direction.

16. The light-emitting device according to claim 1,

wherein the outer peripheral surface of the first clad layer
and the outer peripheral surface of the second clad layer are

aligned with each other along the second direction.

17. The light-emitting device according to claim 1,
wherein the light emitting layer has an outer peripheral
surface that 1s convex shaped.

18. The light-emitting device according to claim 9,
wherein the outer peripheral surface of the first clad layer
and the outer peripheral surface of the second clad layer are
aligned with each other along the first direction.
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